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Curriculum Based Measurements (CBM) are a widely-used tool for Response to 
Intervention (RTI) progress monitoring.  In addition, they can be used in the 
determination of learning disabilities and special education qualification. The most 
widely used type of CBM is a measure of oral reading fluency (ORF).  This type involves 
having a student read out loud for 1 minute while the examiner records any errors.  Also 
known as reading curriculum-based measures (RCBM), various published forms of 
RCBM have been documented to be reliable and valid measures of all aspects of reading 
skills.  Nonetheless, not all RCBM forms are the same, and the differences in features 
across published versions could affect student scores.  This study examined the textual 
composition of three different published versions of RCBM probes to determine passage 
similarity and difficulty. The study also examined the consistency in student reading 
levels across the RCBM passage sets.  A total of 202 students completed three passages 
from each of the selected probe sets for a total of nine passages each.  Results indicated 
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that all RCBM passages were correlated with each other and with a statewide assessment 
of reading. Mixed results were obtained when analyzing correlations between RCBM and 
a computer administered universal screening measure in reading. Significant differences 
were found in the overall number of words read correctly, dependent on the passage set.  
Significant differences were also noted in the number of students identified as at-risk of 
reading difficulties or in need of reading intervention based on each of the RCBM 
passage sets as compared to other standardized tests of reading. Regarding the textual 
composition of the three versions, passage sets appeared similar when similar length 
passages were compared, however, descriptive statistics suggested that passage level 
difficulty may vary depending on the passage within the set.  
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CHAPTER 1: INTRODUCTION 
According to the U.S. National Institute of Educational Statistics, only 36% of 
fourth graders nationwide are reading at or above the proficient level on the National 
Assessment of Education Progress (NAEP, 2015). However, research clearly articulates 
that nearly all struggling readers can learn to read when provided explicit and systematic 
instruction in all five areas of reading, including phonemic awareness, phonics, fluency, 
vocabulary, and comprehension (Kilpatrick, 2015). With the passing of the No Child Left 
Behind (NCLB) legislation in 2002, schools began to be held accountable for student 
outcomes as demonstrated by their performance on high stakes tests (Deno, 2015). 
Additionally, legislation mandated that scientifically-based programs and curriculum be 
used in teaching students to read (Ritchey & Goeke, 2006). The NCLB Act stated that “a 
learning system or program of reading instruction must be based on scientifically based 
reading research” be used by schools (Ritchey & Goeke, 2006, p.172). In the most recent 
federal legislation, the Every Student Succeeds Act (ESSA), signed into law in December 
of 2015, standards for evidence-based interventions were upheld and definitions of 
“evidence based interventions” were provided to further assist schools in using those 
curriculum with the best rationale for effectiveness. “The term evidence-based is 
understood to mean that a particular practice has been shown to be effective in two or 
more studies with different groups and settings of students” (Brown, 2016).  
At the same time, curriculum-based measures (CBM) have become increasingly 
commonplace as quick and inexpensive tools that can identify students at risk of 
academic failure and also monitor the effectiveness of evidence-based interventions being 
implemented (Deno, 2015). Schools across the country are currently engaged in efforts to 
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implement Response to Intervention (RTI), also known as a Multi-Tiered System of 
Support (MTSS) model, as “part of their efforts to screen and identify students who are 
academically at risk and then to monitor their growth rates as they move into different 
tiers, or levels of intensified intervention” (Deno, p. 21, 2015). With the passing of the 
Individuals with Disabilities Education Improvement Act (IDEA) of 2004, schools were 
encouraged to use problem-solving methods alongside CBM to prevent learning 
problems. Recognizing that traditional processes of special education referral and 
programming often delay early intervention, CBM have been adopted for use within 
problem solving models of identification and intervention (Deno, 2015). The commonly 
accepted model of problem solving includes the following steps: (a) identifying the 
problem, (b) defining the problem, (c) exploring alternative interventions,(d) applying the 
alternative intervention, and (e) analyzing the effects of the intervention (Deno, 2015). 
CBM can be used to identify and define the problem and to analyze the effects of 
intervention.  
Although CBM assessment tools were oringinally developed to monitor the 
progress of students with disabilities, they can also be used to meet the needs of early 
identification and effectiveness of educational programs for students who were struggling 
to learn in the general education classroom (Hosp, Hosp, & Howell, 2007). While 
systems existed in other domains, such as in Applied Behavior Analysis (ABA), there 
was no coherent system for implementing an intervention and measuring its effectiveness 
in the academic domain (Hosp et al., 2007). The early development of CBM was led by 
Stan Deno and Phylis Mirkin the 1970s and 1980s at the Minnesota Institute for Research 
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on Learning Disabilities (Hosp et al., 2007). CBM were developed in the areas of 
reading, mathematics, spelling, and writing. 
Oral reading fluency is the most commonly used and well-researched CBM 
(Wayman et al., 2007). In addition to measuring decoding skills, oral reading fluency 
measures have been found to correlate with reading comprehension (Fuchs et al., 1988; 
Reschly, 2009). Each package of CBM in oral reading fluency consists of a series of 
short stories or passages that students are asked to read aloud for one minute. The number 
of words read correctly in one minute is then calculated and compared to established 
benchmarks to determine the student’s performance relative to grade level standards and 
same-aged peers. Each package of oral reading fluency probes includes standardized 
procedures for administering and scoring the assessment. When used for universal 
screening, the student’s performance is used to determine which students require 
additional instruction. When used as progress monitoring assessments, students’ scores 
can be compared over time to determine the rate of improvement in reading when 
provided with appropriate intervention.  
A number of different sets of CBM reading passages (e.g., RCBM) are 
commercially available (e.g., AIMSweb, DIBELS, EasyCBM, FAST). Each of the 
commercially available RCBM were developed according to different word and sentence 
selection methods. Initially, the passages used in RCBM were pulled directly from grade 
level curricula (Ardoin & Christ, 2009). Due to the variation in curricula used across 
grade levels as well as student familiarity with the passages, this was an inconsistent 
measure of true reading ability that resulted in high levels of test error (Ardoin & Christ, 
2009). Using passages directly from the curriculum resulted in “inconsistent student 
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performance” that was likely a result of differing levels of text difficulty that depended 
more on which curriculum and which passage was used, and less on student ability 
(Ardoin & Christ, 2009).  
 As an alternative, educators and researchers began to compose uniform 
curriculum-neutral passages for grade level assessment, relying heavily on readability 
formulas (Ardoin & Christ, 2009). While many studies have documented the technical 
adequacy of RCBM for predicting later reading proficiency, a remaining question exists 
around the equivalence of passages within and between packages (Christ, 2015; Ardoin 
& Christ, 2009). Passages were developed based on a variety of different readability 
formulas, though most used a frequency count of the characteristics of text such as the 
number of syllables per word, words per sentence, or number of high frequency words 
(Ardoin & Christ, 2009). One problem with this method was that these characteristics 
resulted in a measure more closely aligned with reading comprehension than decoding 
ability (Ardoin & Christ, 2009). Additionally, research showed that the readability scores 
of passages did not predict student performance on those passages (Christ, 2015; Ardoin 
& Christ, 2009). Additional studies have identified elements of passages that were most 
correlated with reading fluency, including the number of syllables per 100 words, the 
number of words in a passage not included on a high frequency word list, the number of 
decodable words per passage, the number of words with more than one syllable per 
passage, and overall sentence length (Wayman et al., 2007).  
Previous Studies 
In a study conducted using generalizability theory (G theory), a statistical 
methodology that attributes the amount of error in test scores to the source, Poncy (2005) 
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found the majority of variance in RCBM probes was due to individual student differences 
and grade level, as would be expected. However, as much as 10% of the variation in 
scores was attributable to passage variation in difficulty, and an additional 9% of the 
variation was not explained.  
In studies comparing AIMSweb, DIBELS and FAIP-R (the earlier version of 
FAST), Ardoin and Christ (2009) found that FAIP-R had smaller standard errors of 
measurement as compared to AIMSweb and DIBELS, suggesting that students performed 
more consistently across the different passages of the FAIP-R package. This study also 
compared the total number of words read correctly by the same students on AIMSweb, 
DIBELS, and FAIP-R passages and found that students read the most number of words 
on DIBELS passages, followed by AIMSweb, and then FAIP-R passages. Differences 
were reported as statistically significant.  
A recent study comparing the consistency of classifications resulting from the use 
of AIMSweb, DIBELS Next and FAST found different results. Ford, Missall, Hosp, and 
Kuhle (2017) administered one passage from each publisher to 1482 students in grades 
kindergarten through six and found that students read the most words on FAST passages, 
followed by AIMSweb, then DIBELS Next. This study also considered the differences in 
established cut scores used by each publisher, and by generalized RCBM norms that were 
not developed in association with any one measure. The authors of this study found that 
the only difference in screening and placement decisions came as a result of using the 
recommendations of the FAST versions which demonstrated stronger specificity and 
sensitivity when using general norms. An exception was found in the sensitivity of 
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AIMSweb and FAST third grade passages, with AIMSweb being significantly higher 
(Ford et al., 2017). 
Another study examined the standard error associated with individual student 
progress monitoring slopes, and estimated that the standard error of the slope (SEb) was 
approximately .78 (Wayman et. al, 2007).  This estimate was a concerning statistic when 
compared to the expected rate of growth of one to two words per week (Christ, 2006; 
Wayman et. al, 2007) because much of the observed growth in students’ scores might be 
due to error.  Several studies also found that the characteristics of the environment, 
adherence to the administration guidelines, and collection of multiple data points for 
decision making were all factors that decreased the overall error in scores (Ardoin & 
Christ, 2009; Christ, 2006; Wayman et al., 2007).  
Technical Properties of Selected RCBM 
  In this section, the development and technical adequacy of selected 
commercially available RCBM probes will be reviewed. Each review will include 
statistics on the reliability and validity of the assessment probes. Reliability refers to the 
measure of consistency over time. In regard to RCBM, the type of reliability most 
applicable is alternate form reliability, or the consistency of scores on different probes 
administered at the same time, or over a short period of time. Because RCBM are used to 
show growth, it is important that each form is equivalent and that the differences 
perceived as growth are due to student learning and not passage difficulty or variation in 
the forms (Ardoin & Christ, 2009). 
 Validity is a measure of how well the assessment tool captures the skill or 
characteristic of interest, in this case, reading ability. The types of validity of interest in 
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evaluating RCBM probes are the criterion validity in how well the scores on RCBM 
either correlate with (concurrent validity) or predict (predictive validity) performance on 
other measures of reading. In addition to reporting reliability and validity statistics, a 
review of statistics regarding the accuracy of classifications in comparison to a criterion, 
as described above, is included. In this review, the measures of sensitivity (true 
negatives), specificity (true positives) and the area under the curve (overall rate of correct 
predictions) will be reviewed.   
AIMSweb 
 The AIMSweb measures are available for grades 1 through 8 (Pearson, 2012). 
The passage content was written by a group of teachers and paraprofessionals who were 
trained on the guidelines of words per passage (250 for grades 1 and 2, 350 for grades 3 
through 8) and number of syllables and sentences per 100 words, aligned with the Fry 
Readability Formula (Pearson, 2012). Passages were administered to a group of 24 
students per grade, of differing ability levels, as determined by standardized test scores 
(Pearson, 2012). Passages with consistently average Words Read Correctly (WRC) per 
minute, strong alternate form reliability, and Lexile scores within the designated grade 
level were included in the Standard Reading Assessment Passages (SRAPs) released by 
AIMSweb (Pearson, 2012).  
DIBELS 
The Dynamic Indicators of Basic Early Literacy Skills (DIBELS) measures are 
available for grades 1 through 6 (Dewey et al., 2015). The measures are based on the core 
skills required to read, as reported by the National Reading Panel (2000). Each of the 
core skills is described below.  
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Phonemic Awareness: Hearing and using sounds in spoken words.  
Phonics: The system of letter-sound relationships that serves as the foundation for 
decoding words in print.  
Fluency: Reading stories and passages easily and confidently with few mistakes.  
Vocabulary: Understanding and correctly using a variety of words. 
Comprehension: The cognitive process during which a reader integrates multiple 
complex skills (language, prior knowledge, code, context) to understand and gain 
meaning from text. (Dewey et al., 2015).  
The development of the DIBELS measures began in the 1980’s and 1990’s 
alongside developments in CBM and progress monitoring systems. The DIBELS 
measures were most recently revised in 2010, with research and improvements in 
passages and procedures beginning in 2006 (Dewey et al., 2015). The most recent version 
of DIBELS is titled DIBELS Next and is published by Dynamic Measurement Group 
(DMG). DIBELS Next Oral Reading Fluency Measures are directly aligned with skills in 
advanced phonics, word attack, fluency, and comprehension (Dewey et al., 2015).  The 
passages were designed to be representative of the structures of text encountered by 
students, to cover a variety of topics, and to include both decodable and irregular words 
(Dewey et al., 2015). Additionally, the font used in passages for first and second graders 
was changed in the 2010 update to the Report font, while the third grade and higher 
passages remained in the Times font (Dewey et al., 2015). This change was designed to 
reflect the fonts more often used in primary grade texts.  Specific guidelines were created 
for authors in developing the passages.   
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A notable improvement in the development of DIBELS Next passages was the 
application of the DMG’s own Passage Difficulty Index (PDI). Recognizing the 
shortcomings of most readability formulas that typically use one or two indicators of 
difficulty, the DMG PDI incorporates four core indicators of decoding difficulty: (a) 
characters per word, (b) proportion of words with seven or more characters, (c) syllables 
per word, and (d) proportion of words with three or more syllables (Dewey et al., 2015).  
The DMG PDI also includes one indicator of semantic difficulty, the proportion of words 
not found on a word frequency list, and an indicator of syntactic difficulty, the number of 
words per sentence (Dewey et al., 2015). Initially, 40 passages per grade level were 
developed that fell within acceptable limits (based on means and standard deviations) in 
passage length, overall difficulty, and in each of the component areas described above 
(Dewey et al., 2015). These 40 passages were administered to a group of at least 25 
students per grade in a period of two to three weeks and the most reliable, valid, and 
consistent passages were selected (Dewey et al., 2015).  
FAST 
 FastBridge Leaning publishes a version of RCBM known as the Formative 
Assessment System for Teachers (FAST).  FastBridge provides RCBM for students in 
grades 1 through 8 (Christ, 2015). FAST passages were developed by researchers and 
experts in the field of reading with a focus on alignment with the results of the National 
Reading Panel (2000) as well as the Common Core State Standards (CCSS) for English, 
Language Arts, and Literacy in History and Social Studies, Science and Technical 
Subjects (Christ, 2015).  
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 Development of FAST RCBM passages was also done with set specifications. For 
Level A passages (grade 1), passage length was between 150 and 250 words, with two to 
five paragraphs, there were between three and seven words per sentence, and seven to 
fifteen sentences per paragraph (Christ, 2015). For Level B passages (grades 2 and 3), 
passage length was between 230 and 300 words and had six to eleven words per sentence 
and three to seven sentences per paragraph. Following composition, each passage was 
field tested on 500 students per level (Christ, 2015). Data were collected and analyzed 
from three rounds of field testing, and used to make improvements in semantic, syntactic, 
and cultural quality (Christ, 2015). The selected passages were strong in test-retest 
reliability and reliability of the slope over time (Christ, 2015). 
 The statistics for each published set of RCBM probes are presented in Table 1.1.  
These data come from the AIMSweb, DIBELS, and FAST Technical Manuals. While 
each set reports high levels of alternate-form and test-retest reliability, the standard error 
is more variable between sets. There are also differences in each measure’s reported 
sensitivity and specificity and overall AUC values, with AIMSweb and DIBELS more 
aligned, with higher specificity than sensitivity values. The FAST measures report higher 
sensitivity for first and second grade passages, but a higher specificity value for third 
grade. 
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Table 1.1 
 
Comparison of the Technical Characteristics of AIMSweb, DIBELS Next, & FAST RCBM Passages for Grades 1 - 3 
 
Package Grade Avg. Alternate 
Form Reliability 
SEM Sensitivity 
True + 
Specificity 
True - 
AUC Test-Retest Predictive 
Validity 
Concurrent 
Validity Single Triad Single Triad 
AIMSweb* 1 .94 7.6 6.1 .72 .90 .88 .91 - - .69 
2 .94 9.0 6.4 .79 .91 .94 .94 - - .71 
3 .94 9.9 7.2 .77 .81 .88 .94 - - .72 
DIBELS Next 1 .95 5.6 - .67 .92 .92 .95 .98 .64 .75 
2 .91 8.0 - .75 .89 .89 .91 .97 .76 .73 
3 .93 7.0 - .61 .87 .87 .93 .98 .67 .66 
FAST** (A)1 (.92) (3.0) - .84 .57 .78 .90 - .76 .81 
(B)2 (.90) (5.0) - .81 .73 .83 .93 - .73 .78 
3 - - - .57 .86 .77 .93 - .79 .73 
 
*AIMSweb alternate form reliability is based on Spring Administration. AIMSweb concurrent validity is based on the North Carolina End of 
 Grade Test. 
**FAST separates passages by grade level and by A and B.  Level A includes 1st grade passages, Level B includes 2nd and 3rd grade passages. 
Items in parentheses are based on Passage A or B, all other statistics align with grade level 1, 2, or 3. FAST validity scores are based on 
correlations with the MAP criterion assessment and classification scores are based on the 30th percentile criterion 
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Research Questions 
Although RCBM has demonstrated strong reliability and validity as a measure of 
reading skills, there remain questions about the specific characteristics of probes from 
different publishers.  For example, the benchmark scores that predict student performance 
on later reading assessments vary across three major published sets.  This study addressed 
these gaps in the literature with the following questions.  
1. What are the similarities and differences in obtained screening scores among three 
different published forms of RCBM, and do any differences vary in relation to 
grade, gender, instructional placement, as well as order the order of probes? 
2. Are placement decisions based on benchmark scores at fall, winter, and spring 
within a grade level consistent between RCBM packages, and how accurate is 
each RCBM probe type in identifying risk and Tier level within an applied 
setting?  
3. How well do each of the RCBM sets correlate with each other and with other 
standardized measures of reading ability?  
4. Are the textual characteristics of different versions of RCBM passages similar in 
construct and difficulty within each grade level and CBM package (e.g., 
AIMSweb, DIBELS, FAST)?  
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CHAPTER 2: METHOD 
Design 
 This study was a quasi-experimental group design that utilized results of three 
different published RCBM sets administered to three groups of elementary students. All 
probes were short, 1-minute reading passages that assess skills such as the alphabetic 
principle, phonics, accuracy, and fluency (Dynamic Measurement Group, 2013, 2017; 
Reschly et al, 2009). RCBM is a measure of accuracy and speed, and for this study, was 
calculated based on the number of words read correctly (WRC) in one minute. This study 
compared RCBM probes from three major, commercially available packages: AIMSweb 
(Pearson, 2012), DIBELS Next (DMG, 2013), and FAST (FastBridge Learning, 2015). 
Student performance was analyzed within and between the probe sets, and with STAR 
Reading, another standardized measure of reading. Textual analysis also compared the 
word types, semantics, and syntax composition of each probe to determine differences in 
difficulty and structure.   
Participants 
 Participants in this study (Table 2.1) were first, second, and third grade students 
who attended a public elementary school in the Northeast. All students in first through 
third grade were eligible to participate in the study, resulting in a total population of 220 
students. Of those, 202 completed the screening and were included in data analysis. 
Students who had significant difficulty (read less than 10 words correctly), were absent, 
or who did not complete the screening passages within one week were removed from 
analysis. Students with certain disability types that might confound results (e.g., Autism 
Spectrum Disorder) were also excluded if recommended by the classroom teacher.   
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Table 2.1 
  
Demographic Characteristics of Study Participants 
 
 Grade 1 Grade 2 Grade 3 Total 
Gender     
   Male 40 39 40 109 
   Female 38 21 24 93 
Race/Ethnicity*     
   Caucasian/White 72 56 61 189 
   Other Race (combined) 6 4 3 13 
Title 1 Services     
   Yes 14 5 3 22 
   No 64 55 61 180 
English Language Learner     
   Yes 2 1 0 3 
   No 76 59 64 199 
Special Education Services     
   Yes 9 11 9 29 
   No 69 49 55 173 
*Other race was combined due to small numbers (<5) and FERPA reporting requirements to protect the identity of 
students. 
 
Approximately 151 of the students participated exclusively in general education, while 
the remaining 51 participated in additional supports through Title 1 services (e.g., Tiers 2 
and 3) or special education.  Due to district privacy policies, data concerning students 
eligible for free or reduced cost lunch were not available.  Table 2.2 identifies the number 
of special education students in each of the four most common eligibility categories for 
which reading problems are a significant concern; all other eligibility areas were 
collapsed due to small numbers and the study's research questions. All study procedures 
and materials were reviewed and approved by a University Institutional Review Board 
prior to any data collection. 
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Table 2.2  
 
Special Education Identification Categories by Grade Level 
 
 Developmental 
Delay 
Specific Learning 
Disability 
Other Health 
Impairment 
Speech and 
Language 
Impairment 
All Other 
Identifications 
Grade 1 8 0 1 0 0 
Grade 2 6 3 0 1 1 
Grade 3 2 1 1 2 2 
 
Materials 
The school utilized the Units of Study for Teaching Reading curriculum 
developed by Lucy Calkins at Columbia Teachers College as well as the FUNdations 
curriculum, published by Wilson Reading, for Tier 1 core instruction in kindergarten 
through third grade. While the school has consistently used the Units of Study for 
Teaching Reading for many years, FUNdations was in its first year of implementation 
while the study was being conducted.  
 The assessment materials used in this study included the RCBM oral reading 
probes from three widely-used published sets: (a) AIMSweb (Pearson, 2012), (b) 
DIBELS Next (DMG, 2013), and (c) FAST (FastBridge Learning, 2015).  Materials 
included both screening (i.e.,benchmarking) and progress monitoring probes for grades 1 
through 3. The number of probes in each package is outlined below. Note that both 
AIMSweb and FAST benchmark screening passages remain the same for each grade 
level during a school year while DIBELS Next includes different passages for each 
screening period. 
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AIMSweb (2012): AIMSweb Reading CBM measures include 20 first grade, 30 
second grade, and 30 third grade probes. The first three probes per grade level are 
designated for screening purposes. All AIMSweb probes are about one page in 
length.  
DIBELS Next (2013): DIBELS Next ORF measures include six benchmarking 
probes for grade 1 and nine benchmarking probes for grades 2 and 3.  In addition 
there are 20 progress monitoring probes at each grade level as well. Multiple 
benchmarking probes are provided to allow for universal screening at the 
beginning, middle, and end of the year. All DIBELS Next probes are up to one 
page in length.  
FAST (2015): The FAST CBMreading package includes three benchmarking and 
20 progress monitoring probes for grades 1-3. All FastBridge probes are up to one 
page in length.  
Along with data collected in regard to WRC per minute, additional independent 
variables were used in analysis. Independent variables collected included: gender, race, 
grade, classroom teacher, Title 1 status, English learner status, special education status, 
and examiner. Examiners were also trained to document the noise level at the time of 
administration. 
 For the purposes of determining the accuracy of each RCBM set in identifying 
risk, scores from the STAR Reading assessment, (Renaissance Learning, 2017) were used, 
along with scores from the Smarter Balanced Assessment spring administration for third 
graders, as criterion measures. The STAR Reading assessment is a computer adaptive test, 
meaning that students take the 25-item test on a computer and items are determined and 
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difficulty is adjusted based on each student response. The STAR Reading assessment is 
used in all grades in the participating school and is the primary data source for screening 
and planning tiered supports at the school. A review of the Star Reading Technical 
Manual indicated that, for grades 1 through 3, generic reliability rates ranged from .89 to 
.91, with an overall predictive validity value of .68 for third through eighth graders as 
compared to a number of state accountability assessments (Renaissance Learning, 2017). 
The Smarter Balanced assessment is the state-mandated assessment and administered to 
all third graders and was used as a comparison measure for third graders only.  
Procedures 
Students first participated in universal screening of their reading abilities, using 
the three commercially available RCBM sets. All of the probes were administered in 
random order to control for any order or practice effects. Students were assessed by 
college students, paraprofessionals, and special education teachers who were trained by 
the researcher to conduct assessments with each RCBM form. Training followed a 
behavioral skills training approach, including instruction, modeling, practice, and 
feedback. Each examiner participated in training on a one-to-one basis, and observed the 
primary researcher before conducting any assessments. As a final component of training, 
the first three to five assessments per examiner were observed and co-scored by the 
researcher with corrective feedback given as needed.   
Inter-observer agreement (IOA). In order to evaluate assessment accuracy, the 
primary researcher co-scored 15% of the passages over the course of the assessment 
period. Results of co-scored assessments were used to calculate an Inter-Observer 
Agreement (IOA) score (total number of agreements/total number of agreements and 
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disagreements) between raters (Table 2.3). Total words read correctly within 2 words in 
both directions were counted as an agreement, a standard practice in the field.   
Table 2.3 
  
Inter-Observer Agreement by Rater 
 
Examiner Percent Agreement 
   Rater A 95% 
   Rater B 100% 
   Rater C 98% 
   Rater D 97% 
 
For purposes of interpreting the screening scores, the students’ median score on 
each ORF passage set was used to identify which students might have reading 
difficulties.  Those second and third grade students who scored at or below the 40th 
percentile on one or more ORF assessments participated in a survey level assessment 
(SLA).  First graders did not complete the SLA because there are not RCBM passages 
below first grade. 
SLA includes having students complete successively easier RCBM passages until 
the student’s score indicates his or her current reading level.  For the purposes of this 
study, the instructional reading level was defined as the passage grade level at which the 
student’s score was above the 40th percentile when compared with the passage 
publisher’s national norms.  For example, third grade students began the SLA session 
reading second grade passages.  If the median score on the second grade passage was 
above the 40th percentile that was the identified reading grade level.  If the score was at or 
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below the 40th percentile, the student then read first grade passages.  This procedure was 
completed with RCBM passages from AIMSweb, DIBELS Next, and FastBridge. Once 
the SLA procedure was completed, the identified instructional grade level for each 
passage set was used in analysis.    
Data Analysis 
Data were analyzed using a mixed methods approach, utilizing both textual and 
quantitative methods. First, a Multi-factorial Analysis of Variance method was used to 
compare the means of median scores for identified student level characteristics and to 
determine any group level differences. In the analysis, the students’ median reading 
scores for each package were used as the dependent variable and gender, grade, and 
educational placement (e.g., Special Education, Title 1, General Education) were used as 
independent variables, or factors.  
 Second, to determine the consistency of scores and placement accuracy of the 
administered benchmarking probes, each student’s median score from each RCBM 
package was used to place a student in one of nine grade level categories (first, second or 
third grade; fall, winter, or spring). The analysis treated each package as a “rater” and 
utilized inter-rater reliability statistics to assess consistency.  
 Third, in order to determine how well each CBM package identified student 
support tier levels, sensitivity, specificity and areas under the curve were calculated using 
the risk level as determined by each CBM package as the Test Variable and the known 
risk level of each student as the State Variable. For the purposes of this analysis, the 
categories of some risk and high risk were merged into one risk category.  
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Fourth, correlation analysis was conducted to determine the extent to which each 
RCBM package correlated with the other packages and with the STAR and Smarter 
Balanced assessments.   
Finally, because each of the RCBM publishers used a different method of 
developing probes, and because each of the packages have established different 
benchmarks and norms, text analysis was conducted to identify whether the probes 
themselves, as opposed to the results of using them, were different. This classification 
system is based on research concerning English language word types.  This research 
indicates that the majority of English words can be organized by six syllable types and 
that syllable type and frequency influence text readability (Ashby & Rayner, 2004; 
Knight-McKenna, 2008; Perry, Ziegler, & Zorzi, 2010; Yap & Balota, 2009).  Further, 
teaching students syllable types, including affixes, improves reading outcomes (Archer, 
Gleason, & Vachon, 2003; Bhattacharya & Ehri, 2004). 
The probes were analyzed based on their composition, using the six syllable types 
for classification. In order to complete this analysis, words were converted from their 
original form to their base word, as to best capture the range of syllable types, without 
distortions from word endings (e.g.,  –ed, –ing, s) resulting in a list of 2700 unique 
“stems.” This was done using a computer stemming function and then manually checked 
for accuracy by the researcher. The 2700 word list was then hyphenated so that each 
word was broken into its component syllables using the Moby Hyphenation List, an 
online e-book that is part of the Gutenberg Project and consists of 182,000 words 
hyphenated into syllables. Of the 2770 unique stems, 2559 were matched to the list. The 
remaining 241 non-matches were hyphenated using an existing Python programming 
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code as outlined in, Counting Syllables in the English Language using Python (2013).  In 
order to control for possible errors in both the Moby Hyphenation List and the Python 
code, all 2770 stems were manually checked for accuracy by the researcher.  
 Once the words were hyphenated, specific rules were created to classify the 
syllables into one of six types. Vowel-consonant-e syllables were classified first, if they 
met the following criteria: any consonant followed by –le. Next, vowel team syllables 
were classified if zero or more consonants were followed by at least two vowels (a, e, i, 
o, u) and then any other letter, a through z. The combinations ey, oy, ay, uy, ew, aw, ow, 
ough, augh, igh, and alk were also identified as vowel team syllables. Next, open 
syllables were classified as those syllables that ended in a single vowel (a, e, i, o, u, y). 
Closed syllables were classified next, and included syllables ending in one or more 
consonants and preceded by a single vowel. The ending –dge was also classified as 
closed. Finally, R-controlled vowels were then classified as syllables with one or more 
consonants followed by a vowel and the letter r and then zero or more letters a through z. 
Any syllable that did not meet the criteria was classified as “other” and mainly included 
contractions.  
Additionally, words were also categorized as regular or irregular. The Irregular 
Word Lists from the Wilson Reading Program and Blumenfeld’s Alpha Phonics program 
were used in this study. Frequencies of each word and syllable type were compared 
within and between passage sets and grade levels. A total of 231 screening and progress 
monitoring probes were included in the analysis. This included all of the screening and 
progress monitoring probes for grades 1 through 3 with the exception of 2 DIBELS Next  
probes from the third grade progress monitoring set that were not properly uploaded. The 
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text analysis results were then used to evaluate similarities and differences in RCBM 
probes developed by different publishers.   
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CHAPTER 3: RESULTS 
 
Results are presented to correspond with the order of the research questions.  The 
analysis of data obtained in order to answer research questions 1 through 3 (i.e., the 
administration of the RCBM probes) is presented first, followed by the analysis of data to 
address research question 4 (i.e., textual properties of the probes). It was anticipated that 
due to differences in passage set development and technical qualities, RCBM passage 
sets would correlate with each other, but would have differing rates of accuracy in 
predicting risk and tier level and in correlating with standardized tests. 
Research Question 1: Score Similarities and Differences 
In order to determine score similarities and differences across publishers, overall 
median scores were analyzed based on a number of student characteristics. Independent 
variables collected at the student level for this analysis included: gender, grade, Title 1 
and special education status. Race and English learner status were not included in this 
analysis because the number of non-white and EL students was less than 10%. 
Additionally, teacher was not included in the analysis, due to the number of teachers 
(n=13), and small group sizes that resulted (< 20). At the probe level, independent 
variables included order of administration and examiner. Like the teacher variable, the 
examiner variable was also excluded from this analysis due to the number of examiners 
and inconsistent sample sizes for each examiner.  See Table 3.1 for means and standard 
deviations (SD). Skewness (S) and kurtosis (K) statistics are included for each grade 
level.  
 While skewness statistics indicate that several distributions are moderately 
skewed, a review of literature on the requirement of normality for analysis of variance 
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tests indicates, “In general, moderate departures from normality are of little concern in 
the fixed effects analysis of variance,” and “Because the F test is only slightly affected, 
we say that the analysis of variance (and related procedures such as multiple 
comparisons) is robust to the normality assumption (Montgomery, 2001, p. 77). A Multi-
Factorial Analysis of Variance (ANOVA) method was used to compare the means of 
median scores for identified student level characteristics (Table 3.2).  Results indicated 
no statistically significant differences by gender across all 3 grades (F (1, 200) = .010, p 
>.10; F (1, 200) = .036, p >.10; F (1, 200) =.002, p >.10). There were statistically significant 
differences for grade level (F (2,199) = 48.233, p <.01; F (2,199) = 53.326, p <.01; F (2,199) = 
53.830, p <.01) and educational placement (F (2,199) = 17.532, p <.01; F (2,199) = 15.812, p 
<.01; F (2,199) = 19.633, p <.01). There were no interaction effects. 
 Analysis of order and practice effects. In addition to the analysis of individual 
characteristics, analyses of order and practice effects were done to further isolate 
information about differences in difficulty levels across the passages. To determine the 
extent of any order effect, a comparison of means using probe level scores was conducted 
for each probe. Individual probes (n=9) were categorized into one of three batches, with 
one probe from each brand in each batch.  
One batch was administered at a given time, with probes one through three 
administered first, followed by probes four through six, then by probes seven through 
nine. Descriptive statistics and results of one-way ANOVAs are presented in Tables 3.3 
and 3.4, respectively. Only one probe showed a significant difference in words read 
correctly per minute based on the order in which it appeared. Third grade students scored 
higher on one of the FAST probes if it was administered in the last batch. 
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Table 3.1 
 
Reading Passage Score Means (SD) by Student Level Characteristics and Publisher 
            AIMSweb            DIBELS FAST 
 N Mean SD S K Mean SD S K Mean SD S K 
Grade 1 88 60.66 34.267 .735 -.083 53.61 31.522 .837 .405 66.55 34.075 .616 -.267 
 Regular Ed. 56 74.37 30.194   66.64 29.229   81.29 29.366   
 Title1 15 31.10 10.216   25.27 8.464   34.70 11.285   
 Special Ed. 17 41.59 36.010   35.68 26.720   46.12 32.911   
 Male 48 59.18 36.155   53.06 36.484   64.16 35.229   
 Female 40 62.44 32.222   54.26 28.798   69.43 32.848   
Grade 2 58 108.31 30.036 .210 -.463 104.97 33.210 .437 -.560 110.98 31.188 .149 -.484 
 Regular Ed. 44 116.55 26.836   112.91 31.629   119.27 28.089   
 Title1 5 105.20 27.526   103.80 27.617   109.40 28.183   
 Special Ed. 9 69.78 11.344   66.78 10.545   71.33 12.021   
 Male 24 108.38 33.974   106.17 38.044   109.13 35.461   
 Female 34 108.26 27.455   104.12 29.908   112.29 28.274   
Grade 3 56 130.36 28.517 .336 -.471 127.83 31.941 .558 -.044 141.04 28.028 .519 -.392 
 Regular Ed. 51 132.86 27.960   130.54 31.170   143.76 27.144   
 Title1 2 101.00 1.414   102.00 11.314   109.50 7.778   
 Special Ed. 3 107.33 31.644   99.00 40.037   115.67 31.660   
 Male 37 126.49 26.467   123.18 30.590   135.51 25.902   
 Female 19 137.89 31.513   136.89 33.386   151.79 29.559   
SD = standard deviation; S = skewness; K = kurtosis 
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Table 3.2 
 
Multi-Factorial Analysis of Variance (Grade, Gender, Placement) 
  
df 
AIMSweb DIBELS FAST 
F Sig. F Sig. F Sig. 
Grade 2 48.233 <.01 53.326 <.01 53.830 <.01 
Placement 2 17.532 <.01 15.812 <.01 19.633 <.01 
Gender 1 .010 .921 .036 .850 .002 .961 
Grade*Placement 4 1.474 .212 1.527 .196 1.930 .107 
Grade*Gender 2 .891 .412 1.589 .207 1.205 .302 
Placement*Gender 2 .021 .979 .100 .905 .010 .991 
Grade*Placement*Gender 2 .615 .542 1.093 .337 1.186 .308 
 
Probes were also analyzed based on the order they were administered within each 
batch. Probes that were administered first, fourth, and seventh were all administered first 
in a batch. Probes administered second, fifth, and eighth were all administered second in 
a batch. Probes administered third, sixth, and ninth, were all administered third in a batch. 
The purpose of this analysis was to determine any practice effect. That is, did 
performance improve after the first or second administrations of a passage? Results are 
presented in Tables 3.5 and 3.6. Only one of the third grade DIBELS probes showed a 
significant difference in words read correctly based on the order administered within a 
batch (F (2,50) = 7.062, p <.01). Notably there was a smaller sample size (n=9) of students 
who received this probe in one of the last positions (third, sixth, or ninth). 
Comparison of WRC among publishers. To compare the difference in number 
of WRC by publisher, averages were calculated based on student scores. Table 3.7 shows 
the average number of WRC and standard deviations for each publisher by grade level.  
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Table 3.3  
 
Means and Standard Deviations for Probes by Grade Level 
 Batch 1 Batch 2 Batch 3 
N Mean SD N Mean SD N Mean SD 
First Grade 
 AIMSweb 1 28 59.04 37.963 29 57.76 33.467 31 61.84 36.836 
 AIMSweb 2 32 58.59 34.476 26 63.85 32.677 26 64.50 31.695 
 AIMSweb 3 28 64.14 30.514 34 57.65 36.988 26 64.46 37.973 
 DIBELS 1 29 57.21 32.451 37 52.03 30.935 22 70.55 40.936 
 DIBELS 2 18 58.39 35.538 20 62.75 35.616 46 49.89 24.413 
 DIBELS 3 42 47.00 31.178 32 46.44 28.477 14 59.29 46.673 
 FAST 1 22 73.36 33.076 27 67.22 37.273 37 73.00 39.862 
 FAST 2 37 63.11 34.651 21 78.67 40.014 26 64.69 25.366 
 FAST 3 28 61.96 33.517 39 60.10 32.193 20 67.15 38.059 
Second Grade 
 AIMSweb 1 16 114.69 35.216 19 99.42 25.782 23 104.78 35.937 
 AIMSweb 2 19 103.68 24.976 23 119.35 30.019 16 99.00 28.173 
 AIMSweb 3 23 110.91 32.216 16 104.75 28.278 19 116.58 31.376 
 DIBELS 1 25 111.28 42.226 20 108.75 38.256 13 107.62 34.374 
 DIBELS 2 21 97.00 27.859 15 102.47 35.591 22 113.68 37.903 
 DIBELS 3 12 108.25 34.075 23 100.91 30.616 23 95.83 28.567 
 FAST 1 15 112.33 36.081 17 106.12 32.365 26 115.81 30.816 
 FAST 2 26 111.58 35.052 20 120.65 42.367 12 108.58 30.447 
 FAST 3 17 110.18 34.156 21 111.67 32.676 20 95.90 24.845 
Third Grade 
 AIMSweb 1 21 135.05 30.344 13 117.62 31.981 19 119.79 29.598 
 AIMSweb 2 23 129.17 30.473 17 132.18 26.635 16 135.56 30.098 
 AIMSweb 3 12 128.08 19.256 26 137.81 30.588 18 130.72 44.704 
 DIBELS 1 28 130.18 25.482 14 131.14 36.471 13 138.62 37.138 
 DIBELS 2 11 128.27 30.401 18 132.67 33.104 26 131.88 35.381 
 DIBELS 3 16 120.38 36.155 25 111.00 32.440 15 117.93 28.818 
 FAST 1 23 131.61 26.853 13 131.77 38.079 19 155.63 34.569 
 FAST 2 15 142.13 20.493 24 138.42 25.027 17 142.65 34.652 
 FAST 3 18 146.61 26.025 18 148.17 30.874 19 128.42 27.075 
 
*Note that comparisons were made based on the assessment level of the probe administered NOT the grade level of the student. Therefore, numbers do 
not align with the number of students per grade, due to students who participated in the SLA procedure and completed probes a grade lower than their 
assigned grade.  
 
Table 3.4 
 
Analysis of Variance (ANOVA) Differences Based on Order of Administration 
  
df 
First Grade Second Grade Third Grade 
F Sig F Sig F Sig 
AIMSweb 1 2 .101 .904 .961 .389 1.978 .149 
AIMSweb 2 2 .284 .753 2.939 .061 .226 .799 
AIMSweb 3 2 .371 .691 .636 .533 .420 .659 
DIBELS 1 2 2.053 .135 .046 .955 .335 .717 
DIBELS 2 2 1.457 .239 1.342 .270 .063 .939 
DIBELS 3 2 .844 .433 .657 .522 .457 .635 
FAST 1 2 .232 .794 .453 .638 3.390 .<.05* 
FAST 2 2 1.569 .215 .509 .604 .148 .863 
FAST 3 2 .286 .752 1.599 .211 2.857 .066 
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Table 3.5 
 
Descriptive Statistics for Within-Batch Effects (Practice Effect) 
 Administered 1st Administered 2nd Administered 3rd 
N Mean SD N Mean SD N Mean SD 
First Grade 
 AIMSweb 1 26 57.77 35.427 30 64.17 39.766 32 56.81 32.641 
 AIMSweb 2 28 60.86 31.451 15 63.40 38.095 41 62.37 32.474 
 AIMSweb 3 36 51.44 30.766 19 72.95 37.086 33 66.52 36.414 
 DIBELS 1 34 64.12 34.404 38 56.26 35.152 16 51.13 33.673 
 DIBELS 2 12 58.25 27.063 57 55.26 32.538 15 50.13 22.633 
 DIBELS 3 27 51.07 32.300 38 42.74 30.701 23 55.96 37.206 
 FAST 1 29 77.83 39.970 18 57.89 26.326 39 72.59 38.353 
 FAST 2 28 72.25 31.695 21 64.14 30.246 35 65.69 37.756 
 FAST 3 38 60.79 34.675 24 69.88 37.320 25 57.40 28.365 
Second Grade 
 AIMSweb 1 22 102.50 26.534 14 95.64 34.778 22 115.45 35.721 
 AIMSweb 2 19 106.53 23.999 17 117.59 30.782 22 103.45 30.849 
 AIMSweb 3 21 102.48 25.870 11 103.09 30.237 26 121.38 32.385 
 DIBELS 1 21 104.81 39.601 29 116.03 36.727 8 98.75 38.407 
 DIBELS 2 10 101.00 34.580 37 109.05 35.647 11 93.64 27.976 
 DIBELS 3 17 95.35 29.610 31 103.32 30.340 10 100.00 33.718 
 FAST 1 25 121.48 35.454 14 97.36 25.145 19 110.53 29.828 
 FAST 2 19 123.21 27.971 14 106.07 32.319 25 111.64 43.834 
 FAST 3 20 204.35 32.320 7 92.86 24.210 31 109.65 31.534 
Third Grade 
 AIMSweb 1 15 137.07 30.996 7 120.57 29.359 31 120.68 28.306 
 AIMSweb 2 20 125.80 23.984 6 157.50 28.290 30 130.87 30.009 
 AIMSweb 3 16 126.44 29.251 7 129.14 31.482 33 137.76 36.374 
 DIBELS 1 13 147.00 22.756 27 127.04 33.841 15 129.47 29.727 
 DIBELS 2 13 126.69 35.288 34 129.18 31.333 8 148.63 36.130 
 DIBELS 3 22 108.82 27.628 25 109.36 25.855 9 149.11 40.775 
 FAST 1 23 136.83 35.594 22 140.68 31.512 10 145.50 37.486 
 FAST 2 18 142.50 29.638 22 143.18 27.384 16 135.25 23.621 
 FAST 3 24 141.42 25.682 17 141.59 25.754 14 138.93 38.788 
*Note that comparisons were made based on the assessment level of the probe administered NOT the grade level of the student. Therefore, numbers do not align with the number 
of students per grade, due to students who participated in the SLA procedure and completed probes a grade lower than their assigned grade.  
 
Table 3.6 
 
Analysis of Variance (ANOVA) Differences Based on Order of Administration Within-
Batch (Practice Effect) 
  
df 
First Grade Second Grade Third Grade 
F Sig F Sig F Sig 
AIMSweb 1 2 .371 .691 1.792 .176 1.697 .194 
AIMSweb 2 2 .032 .968 1.231 .300 3.040 .056 
AIMSweb 3 2 2.947 .058 2.830 .068 .665 .518 
DIBELS 1 2 .890 .414 .908 .409 1.977 .149 
DIBELS 2 2 .262 .770 .934 .399 1.303 .281 
DIBELS 3 2 1.248 .292 .371 .692 7.062 <.01* 
FAST 1 2 1.675 .194 2.674 .078 .231 .795 
FAST 2 2 .424 .656 .981 .382 .454 .637 
FAST 3 2 .905 .409 .867 .426 .039 .961 
Table 3.7  
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Table 3.7 
 
Average Number of Words Read Correctly (WRC) by Publisher and Grade Level 
Assessment Grade Level  Publisher Mean WRC N SD 
Grade 1 
AIMSweb 60.66 88 34.267 
DIBELS Next 53.61 88 31.522 
FAST 66.55 88 34.075 
Grade 2 
AIMSweb 108.31 58 30.036 
DIBELS Next 104.97 58 33.210 
FAST 110.98 58 31.188 
Grade 3 
AIMSweb 130.36 56 28.517 
DIBELS Next 127.83 56 31.941 
FAST 141.04 56 28.028 
 
The results of a one-way ANOVA comparing the total number of words read 
correctly (WRC) between publishers indicates a significant difference among passage 
sets for first and third grades (F (2, 261) = 3.330, p <.05; F (2,165) = 3.152, p <.05). A 
Bonferroni Correction was applied to the p values prior to reporting by dividing the p 
value by the number of tests. There were no significant differences for second grade 
(p=.20). Results of a Tukey HSD post hoc test indicated that the difference was 
significant when comparing DIBELS Next passages to FAST passages (p <.05) for both 
first and third grades.  
To quantify the amount of difference between publishers, Eta Squared was 
calculated as a measure of effect size at each grade level. Values fell between the small 
(.01) and medium (.06) range, with a value of .025 for first grade and .037 for third grade 
(Miles & Shapiro, 2014). The Effect Size for second grade (.006) did not surpass the 
small effect standard.  
Research Question 2: Consistency in Grade Level Placement Accuracy 
 The results of reliability analysis of placement accuracy are presented in Table 
3.8. Results indicate approximately 72% of the students were placed in grade categories 
that were consistent across all three publishers. An additional 27% of students were 
30 
 
placed in two different categories that differed by package. Of these, forty-nine (91%) 
were adjacent categories (e.g., Fall/Winter or Winter/Spring) of the same grade level and 
five (9%) were in non-adjacent categories of the same grade level. Finally, three students 
(1%) were placed in each of the three categories (Fall, Winter, Spring) of the same grade 
level. Notably, all three of these students were in the third grade.   
Table 3.8 
 
Overall Placement Agreement 
Number of unique placements n Percent (%) Cumulative % 
   One  145 71.78 71.78 
   Two (adjacent) 49 24.25 96.03 
   Two (non-adjacent) 5 2.47 98.50 
   Three 3 1.50 100.00 
 
When placement consistency was examined within grade level, results indicate 
that all first graders were placed in either one (73%), or two adjacent (27%) categories. 
Slightly more second graders were placed in one category (78%), with 22% in two 
adjacent categories. Finally, 64% of third graders were placed in one category, with 21% 
in two different categories. Notably, nearly 9% of third grade students were placed at the 
beginning and end grade level categories (Fall/Spring). Additionally, 5% of third graders 
were placed in three different categories, one by each publisher (see Table 3.9).  
Table 3.9 
 
Placement Agreement by Grade 
Unique 
placements/student 
1st Grade 2nd Grade 3rd  Grade 
 N % C%* N % C%* N % C%* 
   One 64 72.72 72.72 45 77.58 77.58 36 64.28 64.28 
   Two (adjacent) 24 27.27 100.0 13 22.41 100.0 12 21.43 85.71 
   Two (non-adjacent) - - - - - - 5 8.93 94.64 
   Three - - - - - - 3 5.36 100.0 
C% = cumulative percentage 
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Placement accuracy was considered in the decision to conduct a survey level 
assessment (SLA). Survey level assessments were conducted with all second and third 
grade students who fell below the 40th percentile fall benchmark for their grade level 
according to any of the packages. Eighteen total students, including 10 second graders 
and 8 third graders were administered the survey level assessment. Of those, 17 had at 
least two scores on each package that could be used to compute either an average or 
median score. The eighteenth student only completed one passage as part of the SLA, 
thus, these scores were excluded.  The SLA results were fairly consistent across the 
packages with the majority of the students who participated in the SLA obtaining scores 
that confirmed their risk status according to all three probe types.  These data indicated 
that 10 students were identified as below the 40th percentile according to the fall 
benchmarks for all three packages. Three students were identified by at least 2 packages, 
and 4 were identified by only one package. Table 3.10 shows the numbers of students 
who participated in the SLA as well as how many and which probe packages identified 
their risk status.  
Table 3.10 
 
Comparison of Packages in Identifying Students below Grade Level 
Package N 
   DIBELS Next, AIMsweb, and FAST 10 
   AIMSweb & DIBELS Next 1 
   AIMSweb & FAST 2 
   DIBELS Next & FAST 0 
   AIMSweb only 2 
   DIBELS Next only 1 
   FAST only 1 
TOTAL 17 
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Accuracy in identifying risk level. To determine the extent to which each of the 
packages was consistent in identifying risk level, frequencies for each of the risk levels, 
by package, are presented below. The terms low risk, some risk, and high risk are used in 
the table below for the purposes of consistency. Risk categories were based on each 
publisher’s established cut points for risk. Results of each RCBM package are presented 
along with actual risk level, as of the end of the school year. The STAR reading 
assessment was used as a criterion for actual reading risk level, and the results of the risk 
categories specific to STAR testing are also provided.  Note that STAR has four risk 
categories, instead of three.  
Table 3.11 
 
Comparison of Actual Risk and STAR Risk to AIMSweb, DIBELS Next, & FAST Risks by 
numbers and (percentages) 
 
Risk Level 
 
Actual  
 
AIMSweb 
DIBELS 
Next 
 
FAST 
STAR 
Risk Level 
 
STAR 
Low 151 (74.8%) 
105 
(52.0%) 
128 
(63.4%) 
101 
(50%) 
At/Above 
Benchmark 
175 
(86.6%) 
     On Watch 15 (7.4%) 
Some  22 (10.9%) 
56 
(27.7%) 
25 
(12.4%) 
50 
(24.8%) Intervention 
6 
(3%) 
High 29 (14.4%) 
41 
(20.3%) 
49 
(24.3%) 
51 
(25.2%) 
Urgent 
Intervention 
6 
(3%) 
 
To determine how accurately each RCBM package identified tier level, 
sensitivity, specificity, and areas under the curve (AUC) were calculated using the 
median scores of each RCBM package and the known tier level of each student, based on 
the current status of students at the end of the school year. All students who were 
identified as Some Risk (between the 15th and 39th percentile based on publisher norms) 
or High Risk (below the 15th percentile) according to the spring benchmarks were 
combined to form one At-Risk category. At-Risk was then used as the outcome variable, 
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and the risk level of each package was used as the test variable. Receiver Operator 
Characteristic (ROC) Curves for each package are presented below and reflect accuracy 
of placement for all students assessed.  
Figure 3.1    Figure 3.2                    Figure 3.3  
ROC Curve AIMSweb            ROC Curve DIBELS Next       ROC Curve FAST    
 
 
 
 
 
ROC Curves indicate that 
AIMSweb and DIBELS Next had good discrimination between at-risk and not at-risk 
placements, while FAST had fair discrimination. To assist in the interpretation of the 
ROC Curves presented above, specificity, sensitivivity and AUC are presented for each 
package in Table 3.12. The number of true-positive, false-positive, true negative, and 
false negative placements are then presented for each package in Table 3.13.   
Table 3.12 
 
Specificity, Sensitivity, and Area Under the Curve (AUC) for each RCBM  Package 
Package Specificity Sensitivity AUC Misclassification Rate 
AIMSweb .902 .662 .782 27.7% 
DIBELS Next .863 .801 .832 18.3% 
FAST .902 .636 .769 29.7% 
 
Table 3.13 
 
Predicted and Actual Risk Levels for each RCBM Package 
Package  Actual No Risk Actual Risk 
AIMSweb 
 
Predicted No Risk 100 5 
Predicted At Risk 51 46 
DIBELS Next 
 
Predicted No Risk 121 7 
Predicted At Risk 30 44 
FAST 
 
Predicted No Risk 96 5 
Predicted At Risk 55 46 
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Results indicate that all packages were more accurate in identifying those students who 
were not at risk, than in identifying those who were. That is, all packages had higher 
values of specificity than sensitivity.  
 Significance values between publishers based on specificity and sensitivity values 
were also calculated using a 2-Proportion Z-test. Results are presented in Table 3.14. 
Table 3.14 
 
Differences Between Specificity and Sensitivity by Publisher 
SSP Specificity Sensitivity 
 Z p Z p 
AIMSweb x FAST 0 1.00 -.55 .58 
AIMSweb x DIBELS -1.22 .22 3.15 <.01 
DIBELS x FAST -1.22 .22 3.69 <.01 
 
A comparison of sensitivity and specificity values indicated that DIBELS values were 
significantly different from both AIMSweb and FAST values, while AIMSweb and 
FAST were not significantly different from each other.  
Research Question 3: Correlation Analysis  
 Correlation analysis was used to determine the extent to which the RCBM 
packages correlated with each other and with the STAR and Smarter Balanced 
assessments. Results of Smarter Balanced assessments were available for third grade 
only. STAR results were available for first, second, and third grade. It is important to note 
that first grade students take the STAR Early Literacy test, while second and third graders 
take the Reading test and these tests include different content. Results of the correlation 
analysis, organized by grade level, are presented in Tables 3.15 through 3.17.  All three 
assessments demonstrated statistically significant correlations with the others. 
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Research Question 4: Textual Analysis 
 Text analysis was used to investigate differences in the structural composition of 
the probes. It was anticipated that the structure of the probes within and between sets 
would vary, based on the frequency of word and syllable types. In this section the 
average number of total words per passage are presented for each grade level by package 
(Table  3.18). This is followed by the number of irregular words per passage (Table 3.19) 
Table 3.15 
 
Correlation Analysis Results for First Grade 
 AIMSweb DIBELS Next FAST 
DIBELS Next    
      r .958   
     d(f) 76   
     Sig. <.01   
FAST    
      r .978 .967  
     d(f) 76 76  
     Sig. <.01 <.01  
STAR (Early Literacy)     
      r .465 .465 .477 
     d(f) 76 76 76 
     Sig. <.01 <.01 <.01 
 
Table 3.16  
 
Correlation Analysis Results for Second Grade 
 AIMSweb DIBELS Next FAST 
DIBELS Next    
      r .953   
     d(f) 58   
     Sig. <.01   
FAST    
      r .969 .954  
     d(f) 58 58  
     Sig. <.01 <.01  
STAR (Reading)     
      r .844 .818 .845 
     d(f) 58 58 58 
     Sig. <.01 <.01 <.01 
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and the average number of each of the six syllable types per passage (Table 3.20). While 
the overall number of words per passage varies, all fall within the established guidelines 
set forth by the publishers. Total number of words per passage is provided for context in 
interpreting future tables. While there is no established relationship between the total 
number of words in a passage and passage difficulty, it is noteworthy that FAST passages  
are significantly shorter in length than AIMSweb or DIBELS passages for grades 1 and 3. 
Table 3.17  
 
Correlation Analysis Results for Third Grade 
  
AIMSweb 
 
DIBELS Next 
 
FAST 
Smarter 
Balanced 
AIMSweb     
      R    .682 
      d(f)    62 
     Sig.    <.01 
DIBELS Next     
      R .931   .659 
     d(f) 62   62 
     Sig. <.01   <.01 
FAST     
      R .944 .950  .704 
     d(f) 62 62  62 
     Sig. <.01 <.01  <.01 
STAR (Reading)      
      R .724 .710 .764 .773 
      d(f) 62 62 62 62 
     Sig. <.01 <.01 <.01 <.01 
 
Table 3.18 
 
Average Number of Words per Passage by Publisher and Grade 
Assessment Grade Level  Publisher Mean Words    Min Max SD 
First Grade 
AIMSweb 240 218 262 11 
DIBELS Next 231 200 250 17 
FAST 163 132 191 14 
Second Grade 
AIMSweb 242 217 282 17 
DIBELS Next 251 227 275 16 
FAST 241 229 261 9 
Third Grade 
AIMSweb 298 275 319 10 
DIBELS Next 283 250 300 17 
FAST 241 231 259 8 
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 In addition to the frequency of words, the number of irregular words is reported in 
Table 3.19. An irregular word, for the purposes of this study, was defined as a word that 
appeared on either the Wilson Irregular Word List or the List of Irregular Words in the 
Alpha Phonics program, published by Blumenfeld (1984).  
Table 3.19 
 
Average Number of Irregular Words per Passage by Company and Grade 
 
Assessment Grade Level  
 
Publisher 
Mean Irregular 
Words 
 
Min 
 
Max 
 
SD 
First Grade 
AIMSweb 58 29 76 10 
DIBELS Next 60 37 81 11 
FAST 43 33 57 6 
Second Grade 
AIMSweb 57 38 81 11 
DIBELS Next 70 47 98 15 
FAST 58 45 73 9 
Third Grade 
AIMSweb 74 57 99 11 
DIBELS Next 74 57 98 12 
FAST 58 44 79 9 
 
At the first and third grade levels, FAST stands out as having the fewest number of 
irregular words, while the DIBELS and AIMSWEB passages contain more. At the second 
grade level, both FAST and AIMSweb contain fewer irregular words than the DIBELS 
passages. Given that the number of irregular words are reported as averages, there should 
be limited influence of the total passage length on these data.  
 Finally, Table 3.20 displays the average number of syllable types (e.g., open, 
closed, vowel-consonant-e (VCE), vowel team (VT), r-controlled (VR), and consonant-le 
(CLE) vowels) by package and grade.  An analysis of the frequency of syllable types 
indicates that averages are likely influenced by the total number of words and syllables 
per passage. Whereas all measures are relatively consistent at the second grade level, 
there is more variability at the first and third grades levels with AIMSweb and DIBELS  
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Table 3.20  
Average Number of Syllable Types per Passage by Publisher and Grade 
Assessment Grade 
Level 
Syllable Type Publisher Mean Min Max SD 
First Grade 
Closed AIMSweb 106 78 134 15.17 
DIBELS 108 81 131 12.67 
FAST 81 64 99 10.14 
Open AIMSweb 64 46 84 13.47 
DIBELS 62 41 83 11.11 
FAST 45 27 66 12.48 
Vowel-Consonant-e AIMSweb 21 10 35 6.35 
DIBELS 23 9 37 7.15 
FAST 12 3 21 4.66 
Vowel Team AIMSweb 52 29 73 11.34 
DIBELS 46 30 64 9.12 
FAST 22 11 36 7.51 
R-Controlled AIMSweb 24 12 46 10.44 
DIBELS 24 14 37 6.23 
FAST 12 4 22 4.56 
Consonant-le AIMSweb <1 0 2 .76 
DIBELS 3 0 16 4.00 
FAST <1 0 5 1.12 
Second Grade 
Closed AIMSweb 111 83 163 17.60 
DIBELS 115 89 162 17.91 
FAST 112 65 138 16.01 
Open AIMSweb 72 42 101 13.54 
DIBELS 72 51 93 12.98 
FAST 68 44 88 10.44 
Vowel-Consonant-e AIMSweb 21 5 40 9.49 
DIBELS 25 11 40 7.15 
FAST 20 12 33 6.31 
Vowel Team AIMSweb 53 29 81 12.50 
DIBELS 61 40 82 12.20 
FAST 50 31 66 10.30 
R-Controlled AIMSweb 26 12 49 10.40 
DIBELS 29 14 53 9.32 
FAST 33 16 55 9.94 
Consonant-le AIMSweb 2 0 11 2.72 
DIBELS 2 0 13 2.98 
FAST 2 0 11 2.75 
Third Grade 
Closed AIMSweb 139 109 185 18.02 
DIBELS 139 108 168 15.26 
FAST 112 86 140 14.91 
Open AIMSweb 89 66 131 15.35 
DIBELS 84 62 113 12.78 
FAST 72 51 98 12.67 
Vowel-Consonant-e AIMSweb 23 10 42 8.67 
DIBELS 25 13 37 6.48 
FAST 19 8 29 5.39 
Vowel Team AIMSweb 67 39 89 12.17 
DIBELS 61 23 80 14.67 
FAST 51 32 72 10.22 
R-Controlled AIMSweb 33 19 61 9.76 
DIBELS 29 20 62 9.81 
FAST 31 14 47 8.70 
Consonant-le AIMSweb 3 0 11 2.64 
DIBELS 3 1 20 3.60 
FAST     
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passages having similar averages, and FAST having consistently lower averages. This is 
true of the frequency of words as well, where all publishers produced similar length 
passages at grade 2, but FAST passages are significantly shorter than AIMSweb and 
DIBELS passages at grades 1 and 3.  
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CHAPTER 4: DISCUSSION 
 The purpose of this study was to determine whether RCBM reading passages 
(e.g., probes) from different publishers were similar or different in construct and 
difficulty. The research questions posed by this study sought to answer whether grade 
level placement decisions and risk level predictions were consistent between and among 
publishers. Additionally, this study examined correlations among the RCBM passage sets 
and other measures of reading ability, including the STAR Early Literacy and STAR 
Reading tests, and the Smarter Balanced Assessment. Finally, textual analysis was 
conducted to determine if the words used in the passages varied to a significant degree. 
 Results of this study revealed expected relationships between students’ grade 
level (first, second, or third) and their overall WRC across all publishers. Additionally, 
results of this study are consistent with other studies that found no relationship to WRC 
based on gender. Because this study included the administration of multiple probes, 
analysis of order and practice effects were also completed, and indicated a significant 
effect for just one probe in relation to batch administration order, and one probe in 
relation to where in the batch order the passage appeared. Given this, findings from this 
study suggest that there are differences in the difficulty of passages at the first and third 
grade levels, between the DIBELS Next and FAST passages, with students reading, on 
average, significantly more words correctly on the FAST passages than on DIBELS Next 
passages. This finding is aligned with recent research (Ford et al., 2107) that found 
students read fewer words on DIBELS Next passages than on FAST passages. Notably, 
Ford et al. (2017) found significant differences in grades 1 through 5, while this study 
found no significant differences for second grade, but did not include fourth or fifth 
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graders. The finding that DIBELS Next and FAST passages are distinct in level of 
difficulty is not surprising, given the differences in passage set development and in 
established benchmarks. The FAST benchmark goals for each grade level are higher than 
DIBELS Next Benchmarks. Still, effect sizes suggested that the differences in WRC 
between passages at grades 1 and 3 ranged between the small and moderate range, with 
third grade effect sizes larger than those at first grade.  
 In regard to grade level placement decisions, only seven of the 202 students were 
placed at different grade levels (e.g. first and second grade or second and third grade) as 
compared to school-based placement decisions. Of those seven, four were placed 
differently by only one publisher, and the remaining three were placed differently by two 
out of the three publishers. These results suggest that all packages were similarly accurate 
in grade level placement. Additionally, when considering at which point within a grade 
level (e.g. Fall, Winter, or Spring), a student had met a given benchmark, 72% of first 
graders, 78% of second graders, and 64% of third graders were placed consistently by all 
three packages. The fact that the extent of consistency is lower in third grade may be 
reflective of the greater heterogeneity in reading skills of third graders as compared to 
first and second graders. As Ford et al. (2017) pointed out in their study, differences in 
reading abilities increase over time, making classifications and predictions more difficult 
in the upper grades.  
 Risk level prediction was more varied among the passage sets and differed from 
grade level placement decisions.  Risk levels were determined by comparing the student’s 
median score in each passage set to the identified benchmarks for DIBELS Next and 
FAST passages and to the corresponding 15th and 45th percentiles for the Spring for the 
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AIMSweb passages. While all three RCBM sets placed more students in the some risk 
and high risk categories than were actually placed in those categories by the school 
district, there were differences in the numbers of students in each risk category among 
publishers. While AIMSweb and FAST placed between 50-52% of all students assessed 
in the low risk category, DIBELS Next placed 63% students in this category, resulting in 
fewer students (12%) in the DIBELS some risk category as compared to AIMSweb 
(28%) and FAST (25%).  All three packages were consistent in identifying between 20-
25% of students as high risk. These results are important in relation to a complete 
understanding of interpretations of prediction statistics. The actual percentage of students 
who were receiving services in this sample was approximately 25%. This is above the 
standard of 20% in Tier 2 and Tier 3 interventions that is expected when students are 
provided high-quality Tier 1 instruction.  
The additional students identified at risk by RCBM in this study may be students 
who have not yet been referred for services or students whom this school did not have the 
resources to reach. The relative consistency in all packages of RCBM suggests that the 
actual number of students receiving services may be a result of under identification. It is 
notable that the STAR testing scores indicated only 6% of students fell in the highest risk 
(e.g., Urgent Intervention category), with only 7% in the possible risk (e.g., On Watch) 
category. These numbers were lower than actual placement numbers, and quite discrepant 
from percentages of students identified as at risk by the RCBM packages. It is possible 
that the differences in risk levels might be due to the assessments measuring different 
reading subskills.  All of the RCBM packages measure ORF explicitly.  The STAR 
assessment measures different skills at the first and higher grade levels.  At first grade the 
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STAR assessment focuses on important pre-reading performance, including skills such as 
alphabetic principle, phonics, concept of word, and vocabulary. In second grade and 
above, this assessment changes to include what STAR calls “vocabulary-in-text” items. 
At this level, a student reads 25 cloze sentences and must choose the correct word, from a 
set of given words that “at least partially” fits the context of the given sentence 
(Renaissance Learning, 2017). It could be that the constructs measured on RCBM and 
STAR are different enough to account for the differences in estimated risk.  Nonetheless, 
the differences in percentages of students identified at risk in STAR and these three 
RCBM assessments could have important practice implications.  The STAR assessment 
indicated that far fewer students were truly at risk of later reading problems.  RCBM has 
been validated in numerous studies as an excellent predictor of later reading skills and 
performance (Reschly et al., 2009) and it is possible could provide more accurate 
information to teachers about which students truly need reading intervention.   
 Students’ actual placement was also used to determine how well each RCBM 
package predicted student’s school-defined risk. AIMSweb and FAST were most similar, 
accurately placing between 70-73% of all students in the same risk category as the 
school. Nonetheless, the DIBELS Next passages accurately placed a higher percentage of 
students at 82%.  It might be that the higher accuracy of DIBELS Next passages with the 
actual risk classifications in use in this sample is the result of closer alignment between 
the DIBELS benchmark levels with the school’s practices.  Interestingly, the school did 
not use RCBM, but made decisions about student placements based on teacher 
recommendation and classroom work samples, performance on the STAR Early Literacy 
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or STAR Reading assessment, and the results of standardized achievement and reading 
tests if the student was referred for special education.    
 The results of correlation analysis indicate that the AIMSweb, DIBELS Next and 
FAST measures have very strong correlations with each other across grades. However, 
for first grade students the correlation between each CBM package and the STAR Early 
Literacy Test was only moderate. While the STAR Early Literacy Test does not include an 
oral reading fluency component, this finding is contrary to the correlation statistic of .78 
reported between STAR and DIBELS in the STAR Early Literacy Technical Manual. 
Notably, the STAR sample was larger (n=198) than the sample in this study and 
conducted at eight different schools across six states. This difference in first grade RCBM 
and STAR correlations might be due to the samples, or -- as discussed earlier in this 
section -- some discrepancy may be attributable to the different subskills of reading 
measured by first grade RCBM and the STAR Early Literacy Assessment. At the second 
grade level, all measures were very strongly correlated with each other and STAR 
Reading, and consistent with the STAR Reading Technical Manual, which reports a 
correlation of .84 between STAR Reading and DIBELS for students in grade 2. At the 
third grade level, all passage sets were very strongly correlated with each other and were 
strongly correlated with both the STAR Reading test and the Smarter Balanced 
Assessment. This finding is again consistent with the study reported in the STAR Reading 
Technical Manual which reports a correlation statistic of .78 between DIBELS and STAR 
Reading.   
 It is notable that, while the STAR assessment identified fewer students than the 
RCBM, the school was providing reading intervention services to more students.  This is 
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important in relation to those students’ reading improvement as well as in relation to what 
forms of assessment are best for identifying students in need of intervention.  The results 
of this study suggest that all three RCBM packages were better predictors of students’ 
reading instruction needs than the STAR assessment.  Similarly, the RCBM scores 
correlated strongly with the third graders’ performance on the Smarter Balanced 
Assessment.  This finding is in line with prior research as well and indicates that different 
versions of RCBM have similar properties when it comes to identifying students needing 
reading intervention (e.g., Reschly et al., 2009). The DIBELS Next passages were more 
accurate in identifying both the true positives and true negatives in the current sample.  
Findings suggested a significant difference (z = 3.69, p <.01) between DIBELS and 
FAST and a significant difference (z = 3.15, p <.01) between DIBELS and AIMSweb. 
Such a finding has not been documented elsewhere and might indicate that there are 
subtle differences in RCBM forms that could influence scores for some students. 
In interpreting the above differences in the accurate prediction of student risk, it is 
notable that the number of students receiving intervention or special services for reading 
was at odds with the numbers of students identified as needing services by both the STAR 
and RCBM data.  The STAR data suggested that fewer students needed services, but the 
RCBM suggested more students needed them.  In addition to providing context to the 
finding that DIBELS had higher levels of sensitivity, this finding further suggests that 
schools need to consider a broad array of data when determining student support needs.   
Finally, in determining whether the textual properties of the probes were different, 
there was some evidence that passage level difficulty was variable within the grade level 
of each package as well as between the packages. This is based on the analysis of syllable 
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type frequencies, which found overall averages to be consistent when equal length 
passages were compared, but also indicated substantial differences in the minimum and 
maximum numbers of each syllable type per grade level and within publisher. This might 
explain why students achieved different WRC depending on the publisher. For example, 
the higher scores obtained on the FAST probes, compared to DIBELS, could be due to 
the smaller number of irregular words in the FAST passages compared to DIBELS. 
Although the AIMSweb passages were generally found to be more similar to FAST in 
most analyses, they included a more variable number of irregular words than either 
DIBELS or FAST. 
Limitations and Implications for Future Research 
There are several limitations of this study that should be noted. First, not all 
students were assessed in the same day, as originally planned. With limitations on when 
students could be pulled from the classroom, there were a number of students who were 
assessed over several days in the same week.  Although prior research suggests that 
RCBM scores from the same week reflect similar skill levels, it is possible that the multi-
day assessments influenced the resulting scores. 
Second, the number of assessments co-scored for the purpose of calculating inter-
observer agreement (IOA) was fewer than recommended due to student and examiner 
availability.  Prior research suggests that 30% of all assessments should be co-scored to 
calculate IOA.  Due to scheduling limitations, only 15% of the current sample were co-
scored.  As a result of this variation, it is possible that the obtained scores might include 
greater than interpreted error and have affected both the results and interpretation. 
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Third, while the sample size was sufficient for many of the analyses originally 
proposed, it was not sufficient for several comparisons, including differences by 
examiner, special education identification, by ethnic or racial groups, or based on the 
environmental attributes during testing. This was in part due to the homogeneity of the 
students at the school, who were demographically similar and represent just one school in 
the Northeast United States. These sample limitations must be considered when 
reviewing results. 
Fourth, existing assessment data used in this study (e.g., STAR, Smarter 
Balanced) were not proctored or controlled by the researcher. The STAR assessment was 
conducted by school personnel, however, no assessment integrity or testing 
accommodation information was available.  The manner in which the assessment was 
conducted could have affected the results.  The Smarter Balanced Assessment was 
conducted according to specific requirements set by the State of New Hampshire, 
however, student-level accommodations were not known to this author.    
Fifth, as noted above, possibly the greatest limitation of this study was the use of 
existing Title 1 and Special Education status as a proxy for risk level in reading. Students 
can receive special education services for reasons other than reading difficulties, and 
even students eligible for services as a result of a specific learning disability may have 
academic difficulties in areas other than reading. 
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CHAPTER 5: SUMMARY 
Despite limitations, the results of this study both add to the current literature and 
suggest directions for future research.  Prior studies have confirmed that RCBM is a very 
robust indicator of students’ reading skills. In this study, the number of students receiving 
intervention or special services for reading was at odds with the numbers of students 
identified as needing services by both the STAR and RCBM data.  The STAR data 
suggested that fewer students needed services, but the RCBM suggested more students 
needed them.  This finding suggests that schools need to consider a broad array of data 
when determining student support needs.   These results also showed that all three RCBM 
versions correlated with the STAR assessment for second grade, and both STAR and the 
Smarter Balanced Assessment for third grade.  Still, the classification accuracy 
differences between passage sets suggest that there may be features in these passages or 
their benchmark levels that represent important characteristics not yet defined. This is 
further supported by potential differences in the number of classified syllables at the 
passage level of each grade within AIMSweb, DIBELS, and FAST.  
Additional research that extends these findings to larger samples of more diverse 
students is recommended.  In addition, further text analysis at the passage level, as 
compared to overall grade level average, of the word and sentence-level features across 
the publishers could reveal important differences that contributed to students’ scores.  
Text analytics could also be used to explore the “implicit statistical structure” of text and 
use the distribution of words and phrases, meaning “which words occur when, how often, 
and in whose company” to classify and compare documents (Seidenberg, 2017).  Such 
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analysis could add additional details about how best to identify and support students in 
need of reading intervention. 
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